Heart failure with reduced ejection fraction (HFrEF) is clinical syndrome with distinctive symptoms and signs caused by a cardiac abnormality. In this study, ejection fraction (EF) is lower than 40%. Patients with EF of 40% to 50% named as heart failure with mid-range ejection fraction (HFmrEF) which is considered as a subgroup of heart failure with preserved ejection fraction (HFpEF) rather than HFrEF.[@ref1],[@ref2] Neurohumoral mechanisms play the role of conformation after the deterioration of cardiac functions.[@ref3],[@ref4] Angiogenesis, the formation new vessels that are already present, is an essential part of remodelling. Angiogenic molecules and their receptors play critical roles in endothelial growth, microvascular permeability, and angiogenesis.[@ref5] Vascular endothelial growth factor (VEGF) is an angiogenic molecule that both supports vessel dilation and stimulates new blood vessel formation. The primary VEGF receptors are VEGFR-1 and VEGFR-2, which are transmembrane molecules. Neovascularization due to the action of VEGF may be restricted as a means of prevention of heart failure (HF).[@ref6] Vascular endothelial growth factor receptor-1-mediated signalling improves vascular permeability.[@ref7] Soluble VEGFR-1 (sVEGFR-1) is formed by alternative splicing of VEGFR-1 messenger RNA (mRNA) and plays a role as a decoy protein. It is probably an inhibitor of VEGF.[@ref8]

Studies on the association between circulating VEGF or sVEGFR-1 levels and clinical information of HFrEF and HFmrEF patients are very limited and the role of various concentrations of VEGF and sVEGFR-1 in the process of angiogenesis is still unknown. This is a clinical study on the clinical significance of plasma VEGF and sVEGFR-1 levels in HFrEF, HFmrEF patients and in patients on medications and with comorbidities due to HF. We hypothesized that increased sVEGFR-1 levels may contribute to impaired angiogenesis in HFrEF and HFmrEF patients. The aim of the study was to assess the effect of HFrEF and HFmrEF on the serum levels of VEGF and sVEGFR-1 in patients with HFrEF and HFmrEF. The results of this study will identify a physiopathological unknown in HFrEF, HFmrEF patients and will illuminate future studies.

Methods {#sec1-2}
=======

A total of 104 patients, 54 with HFrEF and HFmrEF and 50 healthy controls, in Gulhane Training and Research Hospital, Ankara, Turkey, were included in this cross-sectional comparative study between 2011 and 2013. Informed consent was obtained from each of the participants, and the local ethics committee of Gulhane Training and Research Hospital approved the research protocol. All of the procedures were followed in accordance with the ethical standards of the respective committees on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. We collected the blood samples as serums from all of the participants and the mean levels of serum VEGF, sVEGFR-1 of the HFrEF and HFmrEF patient group and the control group have been compared. The associations among VEGF, sVEGFR-1 and clinical findings such as demographic features, laboratory results, medications and comorbidities have been evaluated in HFrEF and HFmrEF group.

Each patient had undergone transthoracic echocardiography. A diagnosis of HFrEF was based on symptoms, physical examination findings, (European Society of Cardiology, 2016), echocardiographic findings, and N-terminal pro b-type natriuretic peptide levels (NT-proBNP). End stage renal disease (ESRD) patients have the estimated glomerular filtration rate (eGFR) lower than 15 mL/minute/1.73 m^2^. Also the patients with chronic kidney disease (CKD) had the eGFR lower than 60 mL/minute/1.73 m^2^ except ESRD patients. The HFrEF and HFmrEF patients were more than 18 years old and the ejection fraction in these patients was under 50%. Excluded from the study were patients with infections, acute or chronic inflammatory disease, high erythrocyte sedimentation rate or C-reactive protein (CRP), having or suspected malignancy, diabetes mellitus, or cerebrovascular accident.

Blood serum samples were collected from each of the participants. Serum VEGF and sVEGFR-1 levels were determined by using Quantikine ELISA kits (R&D Systems, Minneapolis, MN, USA) and a Synergy HT plate reader (Bio-Tek Instruments Inc, Winooski, VT, USA). N-terminal pro b-type natriuretic peptide levels were detected in the plasma quantitatively by the magnetic immunochromatographic technique. The mean levels of serum VEGF and sVEGFR-1 of patients in the HFrEF and HFmrEF group and those in the control group were compared.

Statistical analysis {#sec2-1}
--------------------

Sample size has been calculated for the experimental design. Taking into account the summary statistics of our study variables, which shows the smallest difference between the control and patient groups; by considering the power of the test as 80% and the alpha as 5% the participant number must be included to the study has been calculated as 40. The Statistical Package for Social Science (SPSS) for Windows Version 22.00 (SPSS Inc., Chicago, IL., USA) was used to conduct the statistical analyses. For the descriptive statistics, the discontinuous variables were median and interquartile range (IQR, 25% and 75%); continuous variables were the mean ± standard deviation or median (minimum, maximum) as appropriate. Normality of the data was evaluated with the Kolmogorov-Smirnov test. A Chi-square test was used for categorical values and a student's t-test was used for continuous variables that were distributed normally. For continuous variables that were not distributed normally, the statistical analysis was performed by the Mann-Whitney U-test. *P*-value less than 0.05 was considered significant.

Results {#sec1-3}
=======

The differences in serum VEGF and sVEGFR-1 levels between patients with HFrEF and HFmrEF and the control group were analyzed. The demographics and clinical characteristics of the study population together with the laboratory findings are presented in [Table 1](#T1){ref-type="table"}. Urea, creatinine, white blood cells, NT-proBNP, sVEGFR-1 levels were significantly higher in patients with HFrEF and HFmrEF than the control group's (*p*\<0.005 for all). In addition, the glomerular filtration rate (GFR), ejection fraction (EF), and levels of hemoglobin, triglycerides, high-density lipoprotein (HDL-C), total cholesterol (TC) were significantly lower in HFrEF and HFmrEF patients than the control subjects (**[Table 1](#T1){ref-type="table"}**).

###### 

Comparison of demographic features and clinical laboratory results of the control group and HFrEF, HFmrEF group.
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Correlation analysis showed that sVEGFR-1 levels were significantly positively correlated with NT-proBNP levels in HFrEF and HFmrEF patients (**[Figure 1](#F1){ref-type="fig"}**). Serum VEGF and urea levels were significantly negatively correlated in HFrEF and HFmrEF patients.

![Scatter plot of the positive correlation between NT-proBNP and sVEGFR-1 levels.](SaudiMedJ-39-1028-g002){#F1}

The average sVEGFR-1 level of HFrEF and HFmrEF patients with CKD was not detected to be significantly higher than patients without CKD. There were no significant results in the correlation analysis among sVEGFR-1, GFR, urea, creatinine levels in the HFrEF and HFmrEF patient group (**[Table 2](#T2){ref-type="table"}**).

###### 

The correlation of VEGF and sVEGFR-1 levels with clinical features which are found to be significantly different in HFrEF and HFmrEF group.
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Also, significantly higher levels of sVEGFR-1 were observed in HFrEF and HFmrEF patients with beta-blocker therapy than in the HFrEF and HFmrEF patients without beta-blocker therapy. The mean VEGF level of HFrEF and HFmrEF patients using ACE inhibitor is significantly higher than the control group. Additionally, the mean sVEGFR-1 levels of HFrEF and HFmrEF patients with ESRD, CKD, CAD, HT, and AF are significantly higher than the control subjects. Also, the mean sVEGFR-1 levels of patients receiving beta-blocker and ARB are significantly higher than the control group (**[Table 3](#T3){ref-type="table"}**).

###### 

Comparison of VEGF and sVEGFR-1 levels between HFrEF and HFmrEF group and control group.
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Discussion {#sec1-4}
==========

This is the first study evaluating and demonstrating the importance of plasma VEGF and sVEGFR-1 levels in HFrEF and HFmrEF patients. Serum sVEGFR-1 levels were significantly higher in patients with HFrEF and HFmrEF than in the control group and no significant difference in the average levels of VEGF between the HFrEF group and the control group was detected.

The pathophysiological role of VEGF was introduced in HF patients in previous studies.[@ref9]-[@ref11] The importance of VEGF was shown previously in animal studies as a mediator for inducing new blood vessels with regard to cardiac remodeling.[@ref12] Patel et al[@ref13] showed that VEGF levels did not differ among varying degrees of LV systolic functions or did not correlate with levels of EF. In this study, VEGF levels were not found to be significantly higher in HFrEF and HFmrEF patients and no significant correlation was detected with echocardiographic findings in patients and control groups, which was compatible with previous studies.

In 2010, Kaza et al[@ref6] demonstrated that up-regulation of the sVEGFR-1 in hypertrophied myocardium prevented capillary growth by inhibiting VEGF in rat models. Inhibition of sVEGFR-1 increased VEGF levels to stimulate angiogenesis and preserved contractility of cardiac muscles. This was an animal study and the data collected were used in literature for sVEGFR-1. It brings to mind that increasing sVEGFR-1 levels may be important in terms of angiogenesis and pathophysiology in HFrEF and HFmrEF patients. It was previously known that sVEGFR-1 is correlated with morbidity and mortality and is a potent marker of disease severity in septic or critically ill patients.[@ref14]-[@ref16] We think that significantly higher levels of sVEGFR-1 in the patient group are not sufficient for us to speculate on the potency of the marker for disease severity.

The CRP and the erythrocyte sedimentation rates of both of the groups were not significantly different. Due to these results, it is thought that the difference in sVEGFR-1 between the 2 groups could not be explained by an inflammatory state.

Due to the results about the levels of sVEGFR-1 in CKD patients and the insignificant correlation analysis among sVEGFR-1, urea, creatinine and GFR, we believe that the level of sVEGFR-1 in the HFrEF and HFmrEF patient group was not affected by GFR.

Beta-blockers had lower mortality and morbidity in symptomatic HFrEF and HFmrEF, despite treatment with an ACEI and, in most cases, a diuretic.[@ref17],[@ref18] In our study, the level of sVEGFR-1 of HFrEF and HFmrEF patients using a beta-blocker is significantly higher than those who do not use a beta-blocker, which suggests that beta-blockers may significantly and negatively affect angiogenesis in patients with HFrEF and HFmrEF. The negative effects of carvedilol and propranolol on angiogenesis are known in the literature.[@ref19],[@ref20] In this study, our patients were especially on metoprolol treatment as a beta-blocker. In heart failure patients, this report regarding metoprolol, may demonstrate inhibiting angiogenesis via increasing sVEGFR-1 levels. This effect may be a negative effect of beta-blocker in HFrEF and HFmrEF patients. Further analyses are needed in this aspect.

N-terminal pro b-type natriuretic peptide, is an important molecule in diagnosing and excluding heart failure.[@ref21] It was found that there was a significant and positive correlation between NT-proBNP and sVEGFR-1 levels. Goetze et al[@ref22] found a significantly positive correlation between VEGF and BNP mRNA in an animal study. Kameda et al[@ref23] suggested that high sVEGFR-1 levels may be an effective biomarker to predict the progression of heart failure in patients with CAD. We speculate that an increasing level of sVEGFR-1 by an increasing level of NT-proBNP may be a physiological response to heart failure, designed to decrease angiogenesis in HFrEF and HFmrEF patients, unlike the previous literature. Nielsen et al[@ref24] demonstrated that pro-BNP predicts mortality and morbidity in HF patients. Also according to literature, sVEGFR-1 is correlated with morbidity and mortality and is a potent marker of disease severity in septic or critically ill patients.[@ref15],[@ref16] These findings may suggest that sVEGFR-1 could predict mortality and morbidity indirectly; therefore, further participants including clinical studies are needed in this respect. Also, a positive correlation between sVEGFR-1 and EF in the HFrEF and HFmrEF group was not found. Additionally, the clinical course of sVEGFR-1 cannot be exactly evaluated by only considering the positive correlation of sVEGFR-1 and NT-proBNP.

Pawlak et al[@ref25] found that urea and creatinine levels were independently associated with VEGF. There was a significant and negative correlation between VEGF and urea levels in HFrEF and HFmrEF patients contrary to the literature. We speculate that the increase of urea in HFrEF and HFmrEF patients may be one of the mechanisms of inhibition of angiogenesis in HFrEF and HFmrEF patients.

In summary, our study is limited to analysis of only one angiogenic molecule, VEGF and one anti-angiogenic molecule sVEGFR-1, which makes it difficult to evaluate the imbalance of angiogenic/anti-angiogenic factors in patients with HFrEF and HFmrEF due to the other angiogenic factors have not been evaluated at the same time. However, we think that our study is significant and worthy due to the fact that it has not been studied before in literature as a clinical study. This study establishes an association but not exactly a cause-and-effect relationship. Finally, this study is based on a limited number of patients; thus it is not possible to ascertain whether these findings apply to other patients with HFrEF and HFmrEF. Accordingly, larger clinical studies will be necessary to confirm these findings.

Beta-blocker may have a negative effect on angiogenesis in HFrEF and HFmrEF patients via increasing sVEGFR-1 levels while Pro-BNP may contribute to inhibiting angiogenesis by increasing sVEGFR-1 levels and sVEGFR-1 may predict HFrEF and HFmrEF as a biomarker. Our study increases awareness about the role of sVEGFR-1 in HFrEF and HFmrEF patients and the need for future studies.

*We would like to thank our patients and their families who participated in the research helpfully and devotedly without expecting material compensation. We would like to thank Basaran Tercume and Scribendi for the professional English language and scientific editing*.

**Disclosure.** Authors have no conflict of interests, and the work was not supported or funded by any drug company.
